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able to accomplish it within a reasonably short period. 
As a matter of fact, he says, the enterprise “has taken 
me as many years to finish as I expected it would have 
taken months.’' The “ Index’’does not relate to all the 
papers published by Gould in various journals, but it does 
include every work which he issued separately, whether 
in folio, or octavo, i >r quarto form ; and Mr. Sharpe, with 
the aid of his assistant at the Natural History Museum, 
has been careful to check the various references, the num¬ 
ber of which is nearly seventeen thousand. He has also 
put in some “ extra synonyms from popular works, such, 
for instance, as Oates’s ‘ Birds of British India,’ which in 
a few years will have familiarised Indian naturalists and 
sportsmen with a certain set of names which do not occur 
in Gould’s works though the species may be duly 
figured therein.” The work, which is very handsomely 
“got up,” will be of great value to all who are fortunate 
enough to possess Gould’s writings, and it. will frequently 
be of good service to every serious student of orni¬ 
thology. In the biographical memoir Mr. Sharpe not only 
presents the leading facts of Gould’s career, but has 
much that is fresh and interesting to say about the results 
of his scientific labours and about the essential qualities 
of his character. 

An Elementary Tr atise on Pure Geometry,with numerous 

examples. By J. W. Russell. (Oxford : Clarendon Press, 

i893-) 

The opening sentence of the Preface—“ The author has 
attempted to bring together all the well-known theorems 
and examples connected with Harmonics, Anharmonics, 
Involution, Projection (including Homology), and Recipro¬ 
cation ”—indicates that the writer has given himself a 
“tall order.” Within the limits of 323 pages we have 
here collected every possible property that a student can 
desire to have. Our only objection to the book is that 
it is too full for ordinary purposes, but as the matter is 
put together with considerable skill and ability—thus 
evidencing the writer’s familiarity with, and mastery 
over, his subject—and illustrated with a choice collection 
of worked-out exercises, we cordially commend it. We 
could wish that a handbook for school use were founded 
upon it. There used to be a rumour abroad that the 
late Prof. Henry Smith intended to publish his Geomet¬ 
rical Lectures. That hope is now, we presume, frus¬ 
trated, but as Mr. Russell’s first lessons in Pure Geometry 
were learnt from Mr. Smith’s lectures, and as many of 
the proofs of the present work are derived from the 
same source, we must possibly take it as the substitute 
for the “ Geometrical Lectures.” The get-up of the text 
is on the usual lines of the Clarendon Press and is all 
that one could desire. 

Sun , Moon, and Stars: Astronomy for Beginners. By 

A. Gilberne. (Seeley and Co., Limited). 

This small book comprises 300 pages of matter, and 
contains a most interesting account of the various 
members of the solar system and other celestial objects 
more remote. The narrative is particularly adapted to a 
large class of people who desire to know somewhat of 
the wonders and awe-inspiring phenomena connected 
with the science of astronomy without making a special 
study of them ; yet sufficient interest is aroused to 
induce a beginner to search for more information. The 
work, however, does not claim to be a text book, 
although to a beginner it will serve as a capital starting- 
point. It is printed in open and pleasing type, 
and contains instructive illustrations. A few passages 
might be somewhat improved upon, as for example, 
p. 143— 

“ It is said that a cannon-ball, reposing on the 
sun, if lifted one inch and allowed to fall, would dash 
against the ground with a speed three times greater 
than that of our fastest express-trains.” 
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LETTERS TO THE EDITOR. 

The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. ] 

Mr. H. O. Forbes’s Discoveries in the Chatham Islands. 

Unwilling as I am to interpose in the discussion between 
Mr. Wallace and Mr. Forbes {supra pp. 27, 74), yet each of 
those gentlemen having referred to opinions formerly expressed 
by my brother and myself, it seems fitting that I should offer a 
few words on the present occasion, if it were only to avoid mis> 
apprehension ; but I would premise that I have not seen Mr. 
Forbes’s paper read before the Geographical Society or his 
article in the Fortnightly Review. To this I would add that I 
am no more ashamed of opinions in the utterance of which 
before the Royal Society in 1868 I took a share, than I am of 
having then been a quarter of a century younger than I am now. 
Whether they are to be considered modified by what I published 
some halfdozen years later, when I next touched upon the 
subject, I do not greatly care, and leave to the judgment of those 
(if any there be) who may take the trouble of comparing the 
passage in the Philosophical Transactions (1869, pp. 357,358) 
with that in the “ Encyclopaedia Britannica ” (ed. 9, iii. p. 760); 
and what I now think, or at least thought some eighteen months 
ago, when the last thing I wrote on the question was passed for 
press, will I hope be before the public in October. 

However I would point out that one thing seems needed to 
make this discussion real, and that is proof of the assertion, 
made in Nature —at first tentatively (xlv. p. 416), then 
positively {tom. sit., p. 580), and again with fuller details (xlvi. 
p. 252), that Aphanapteryx ever inhabited the Chatham Islands. 
Mr. Forbes has been so kind as to show me on two occasions 
the bones which he ascribed to a species of that genus, and I 
was fortunately able to let him compare them with those of the 
real Aphanapteryx in the Museum of this University, being all 
that have as yet been recovered from Mauritius. I pointed out 
to him differences between the remains of the two forms which 
appeared to me of generic value, and I thought I had satisfied 
him on this score, since he did me the honour of asking me to 
suggest a new name for the form which he had discovered-. In 
that view I was confirmed by finding that, shortly after his last 
visit to Cambridge, he described the Chatham-Islands bird as 
Diaphorapteryx at a meeting of the British Ornithologists* Club 
on 21 December, 1892, as I learn from its printed Bulletin (No. 
IV. p. xxi.). All this would matter little to any but specialists did 
it not seem that what Mr. Wallace rightly terms a ii tremendous 
hypothesis” is based on the asserted existence of Aphanapteryx 
in the Chatham Islands, and I understand that, on the strength 
of the assertion, further daring speculations have been indulged 
in, to support which Purple Waterhens, extinct or expiring 
Starlings, and what beside I know not, have been dragged in. 
Whether the additional evidence is worth anything remains to be 
seen; but though I fully recognise the importance of Mr. Forbes’s 
discoveries, rightly interpreted, we are as yet without proof that 
Aphanapteryx inhabited any part of the New Zealand Region ; 
and if it did not, then as regards the speculations based upon it 
cadit qucestio. Alfred Newton. 

Magdalene College, Cambridge, 27 May. 


The Fundamental Axioms of Dynamics. 

Referring to my previous article in Nature on the above 
subject (May 18, vol. xlviii. p. 62), there are a few explanatory 
remarks which may be usefully made,—most of them suggested 
by the recent discussion at the Physical Society, especially as 
summarised by the President (Prof. Riicker). 

There seems to be some feeling against the advisability of 
ascending successive steps in a ladder of reasoning unless 
there be already some perception as to what is to be met 
with on the top. If the ladder shows signs of ending in a 
medium of unknown and in some respects paradoxical properties, 
that fact appears to be felt as an inducement to mistrust the 
steps which lead thither. 

But it must surely be admitted that if each rung is in itself 
firm and strong, and if successive rungs follow one another with 
a reasonable amount of sequence, then we ought fearlessly to 
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mount and abandon ourselves whithersoever they lead, quite 
irrespective of dim suspicions about unacceptable consequences. 

Some doubt seems also felt concerning the wisdom of attempt¬ 
ing to pack important laws into small compass; but to this I 
plead that the axioms already stated by me are most of them 
purely Newtonian, and that for the attempt thus to summarise 
science in as few and simple statements as possible we have the 
high encouragement of his example. It is true that Newton 
issued his axioms in a form as perfect as it was reasonable or 
possible then to make them, and did not bring them out as 
matter for discussion. But to this two pleadings may be put 
in:— 

(1) That their perfect form did not by any means prevent dis¬ 
cussion, nor would it have been desirable if it had ; it only made 
the inevitable discussion painful to him instead of pleasant. 

(2) That in his day he was minting fresh coins, complete in 
design and workmanship, for the use of a race which possessed 
nothing of the kind ; whereas now one is partly trying to rub off 
a little tarnish and furbish up old currency in more modern style, 
and partly trying to put into circulation a few fresh coins at a 
time when everybody feels that they have quite as much money 
as they want. 

The step in advance which I believe has now to be made is 
the explicit introduction of the Ether into the scheme of physics. 
Newton knew well enough that a connecting medium was a 
philosophic necessity, but he did not see his way to asserting 
its physical existence and discovering its properties. Conse¬ 
quently his philosophy was all stated in terms of action at a 
distance. 

But science has progressed since then, and the ether has be¬ 
come accessible in many then undreamed-of ways. It appears 
to me, therefore, that the time has come for enlarging the New¬ 
tonian axioms, on the basis of the labours of Faraday and Max¬ 
well and of other men now living, and for fearlessly following 
up any consequences to which the new axioms may lead us. 

My philosophic creed runs somewhat thus :—First that by 
our senses we become aware of motion ; I don’t much care 
by what sense it is, it seems to me by the muscular sense— 
partly eye muscles perhaps, mainly arm or leg muscles—but 
it may be by a succession of tactile sense-perceptions as 
some modern physiologists and psychologists believe. But 
none of these questions belong to pure physics: somehow 
or other we are aware of Motion and Time and Space. We 
had already erected the structure of Geometry without invoking 
motion and time, we now erect Kinematics. And by motion, 
which is a usefully vague term, I mean nothing less than the 
whole of kinematics. 

Next in order of complexity we become aware of force plainly 
through our muscular or our tactile sense, and thus, indirectly, 
we gain the tremendously important idea of “matter.” The 
ratio of force to motion is inertia ; one of the most constant 
and fundamental qualities in the apparent universe. The 
product of force and motion is activity, whence arise the com¬ 
plex but brilliantly useful ideas associated with the term energy. 
In elaborating these we erect the whole science of Dynamics. 

Thus far the scheme is essentially Newtonian, and the New¬ 
tonian axioms may be held to summarise its essentials in the 
briefest and clearest way. If I presume to restate them it is be¬ 
cause the modern terms “acceleration” and “stress,” which 
were not available for Newton’s use, assist the expression, so 
that by their aid some minor difficulties, such as those caused 
by the phrase “uniform velocity and direction” disappear; 
this phrase need not have been introduced had a vector ac¬ 
celeration been a thing of easy apprehension or of common 
knowledge in Newton’s time. 

Prof. Minchin urges the explicit retention of the first law, 
not as a measure of time only, but as a qualitative statement 
introductory to the quantitative assertion of the second ; and I 
fully agree. I should like to take the opportunity of thanking 
both Prof. Minchin and Prof. Henrici for their careful criticism 
of my Physical Society paper. 

Premising that the necessary definition of terms must be 
understood or supplied, I now repeat from my former article the 
essence of the Newtonian laws. 

Axiom I. Without force there can be no acceleration of 
matter. 

Axiom 2. The inertia of matter is unconditionally constant. 
[Or, Acceleration of matter is proportional to unbalanced or re¬ 
sultant force.] 
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Axiom 3. Every force is one componeni. of a stress, and a 
stress in a body or system does not accelerate it. 

Before proceeding, let me here intercalate a remark about the 
kind of scholium with which, on page 62 (Nature, vol. xiviii.. 
May 18) I prelude the definitions and axioms. I do not intend 
the “experimental results” there quoted to be used for teach¬ 
ing purposes; in fact, my present aim is in no respects peda¬ 
gogic, but more ambitious ; I quote them as affording some sort 
of experimental basis for the Newtonian axioms. An experi¬ 
mental basis is a necessity—in other words, an axiom must be 
based on some sort of experience ; and the experience on which 
the Newtonian laws are based can hardly be considered as of a 
very commonplace type. 

It is easy to illustrate the second law with bits of elastic and 
trucks on wheels, but it is not so easy to prove it with accuracy 
—the sort of accuracy attempted, for instance, in the case of the 
law of Ohm. It is customary to say that Astronomy proves it, 
but as a logical procedure that would be a terribly circular one ' y 
and besides, the nature of gravitation is so singularly unknown 
that it can hardly with satisfaction be used as a foundation 
stone. 

Anyhow, the proof which by those experiments I suggest is, 
first to establish Hooke’s law fora spring, statically, by weights, 
i.e., to prove that force is proportional to displacement; next 
to show ihat vibrations of the spring are isochronous, i.e., that 
acceleration is proportional to displacement ; and thus to 
deduce that force and acceleration are proportional (in this case 
at any rate) to a high degree of accuracy. The difficulties, 
such as they are, of this proof are of a merely mathematical 
order, and are hence entirely unimportant. 

The third “experimental result” quoted is only to suggest 
the impact experiments which Newton himself considered 
desirable as a basis for his third law. 

One other point before proceeding. With regard to the claim 
for obviousness, or primafacie certainty, sometimes set up in 
connexion with a long-known law of nature, on any such 
ground as that it is a mere assertion that Cause equals Effect:— 
may I say once for all, and quite impersonally, that such a 
claim appears to me to be metaphysical nonsense of the worst 
kind—the kind which has tended to bring real Metaphysics 
into unmerited disrepute. Is it not plain that everything 
depends on what is cause and what is effect, and that the inter¬ 
pretation of nature essentially consists in the discovery and 
accurate specification of what in any given case the true cause 
and the true effect are ? 

Now comes the new departure, or extension of the Newtonian 
axioms, so as definitely to include the medium which it has been 
one of the chief works of the present century to discover. 

The chief axioms I intend to propose and trace the conse¬ 
quences of are :— 

Axiom 4. A stress cannot exist in or across empty space. 

Axiom 5. Material particles (atoms of matter) never come 
into contact. 

Axiom 6. A stress must extend from one material particle to 
another : it cannot end in ether. 

This last is hardly axiomatic, but it is based on special 
experimental evidence (Phil. Trans., 1893). 

From these laws and from the law that stress is essential to 
activity (which last does not need a separate statement, being 
deducible from the Newtonian axioms), a series of what appear 
to me fundamentally important deductions may be made. 

Some of these deductions relate to already known and ad¬ 
mitted facts, while others introduce some as yet unknown or 
unadmitted : the former set are mostly referred to in my paper 
to the Physical Society, the others must be dealt with here¬ 
after. 

Oliver Lodge. 

May I make through your columns some criticisms on Prof. 
Lodge’s views of dynamics, which I am afraid I failed to render 
intelligible to him during the discussion on his paper before the 
Physical Society? 

It would be useless to say anything about his theory of 
“Contact Action,” for he has rendered the whole discussion 
upon that point nugatory by saying in his reply to the criticisms 
that he does not admit that any two bodies can ever come into 
contact at all, i.e., that the contact action he contemplates is 
something that takes place only between “ the bodies ” and an 
“ ether ” which exists between them. It follows that his own 
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